A commercial DNA probe kit designed to detect rRNA from legionellae was evaluated for its ability to correctly discriminate between legionellae and non-legionellae taken from culture plates. The probe kit, made by the Gen-Probe Corp. (San Diego, Calif.), was radiolabeled with 1251, and probe bacterial RNA hybridization, detected in a simple one-tube system hybridization assay, was quantitated with a gamma counter. A total of 156 Legionella sp. strains were tested, of which 125 were Legionella pneumophila and the remainder were strains from 21 other Legionella spp. A total of 106 gram-negative non-legionellae, isolated from human respiratory tract (81%) and other body site (19%) specimens, were also tested; 14 genera and 28 species were represented. The probe easily distinguished all of the legionellae from the non-legionellae. The average legionellae/non-legionellae hybridization ratio was 42:1, and the lowest ratio was 2:1; a minor modification in the procedure increased the lowest ratio to 5:1. In addition to correctly identifying all Legionella species, the probe was able to separate some of the various species of Legionella. L. pneumophila strains hybridized more completely to the probe than did the other Legionella spp.; L. wadsworthii and L. oakridgensis hybridized only about 25% of the probe relative to L. pneumophila. Some strains of phenotypically identified L. pneumophila had much lower hybridization to the probe than other members of the species and may represent a new Legionella species. The simplicity bf the technique and specificity of the probe make it a good candidate for confirming the identity of legionellae in culture.
The Legionellaceae are a phenotypically and, particularly, a serologically diverse group of organisms (10) . This phenotypic diversity, combined with difficulty in rapidly isolating Legionella spp. from clinical samples, makes utilization of a family-specific, sensitive, and rapid means of identification extremely attractive to clinical microbiologists (4, 12) .
Kohne has developed a family-specific probe for Legionellaceae which utilizes radioiodinated cDNA as a probe for rRNA (D. E. Kohne, international patent application PCT/US84/00016, January 1983, and U.S. patent application 456,729, January 1983). As a prelude to testing clinical specimens with the probe, now being developed for commercial purposes (Gen-Probe Corp., San Diego, Calif.), I conducted a study of the ability of the probe to correctly discriminate between culture isolates of legionellae and non-legionellae.
MATERIALS AND METHODS
Principles of the assay. A suspension of bacterial colonies is heated with a buffered detergent mixture, which also contains 125I-labeled cDNA. This results in liberation of bacterial nucleic acids and hybridization of the free rRNA to the cDNA probe. Separation of unreacted cDNA (single stranded) from reacted cDNA (double stranded) is accomplished by adding a solution containing hydroxyapatite, which binds only double-stranded nucleic acids under the test conditions. The bound fraction is separated from the unbound fraction by centrifugation, which sediments the hydroxyapatite-bound-probe rRNA material; the unbound probe and other nucleic acids are discarded in the supernatant.
Bacterial isolates. A total of 156 clinical and environmental isolates representative of 22 Legionella species were examined with the probe (Table 1) . The identity of all isolates had been confirmed by using growth, biochemical, and serological tests (2) . All of the Legionella pneumophila strains had been classified by enzyme cluster analysis (9) . All strains were passed twice on buffered charcoal-yeast extract medium supplemented with 0.1% a-ketoglutarate incubated at 35°C in humidified air until heavy growth appeared on the plate (24 to 96 h) (2) . The bacteria were then suspended in sterile distilled water to approximate the turbidity of a MacFarland barium sulfate standard of 4; the suspension was stored at 5°C until used within 2 weeks afterwards.
A total of 106 gram-negative non-legionellae were studied ( were removed from the water bath and 5 ml of the hydroxyapatite solution was added to the tube. This was mixed by inversion and then heated in the same water bath for 5 min. The tubes were centrifuged for 5 min in a table-top centrifuge at approximately 1,000 x g to sediment the hydroxyapatite. The supernatant was discarded, and the pellet was suspended in 5 ml of saline wash solution. The resuspended pellet was cenirifuged under the same conditions as previously and the supernatant was discarded. The tubes were then counted for 5 min each in a Gamma 310 gamma counter (Beckman Instruments, Inc., Fullerton, Calif.). All bacteria were tested in duplicate and some were tested in quadruplicate. The bacterial suspensions and gamma counting tubes were identified only by a coded number; the actual bacterial identity was not determined until after the results of gamma counting had been recorded. Controls used were tubes containing everything but the bacterial suspension, tubes containing only the probe solution, and tubes containing only the separation solution; these control tubes were interspersed between test samples rather than in a separate batch.
Repeat testing of some bacteria was performed with a slightly modified protocol, several months after the original study was performed. All bacterial suspensions were made on the day of testing, and the hydroxyapatite pellet was vigorously vortexed with the saline wash solution rather than being mixed by inversion. Data analysis. Raw counting results from the same samples were averaged, and the average nonspecific background count was subtracted. The corrected sample counts were divided by the corrected count of the highest-count L. pneumophila strain, F1772, to obtain the percent hybridization relative to L. pneumophila. Descriptive and analytical statistics were calculated in standard fashion (1) .
RESULTS
All 156 legionellae demonstrated significantly greater hybridization to the probe than did the non-Legionella bacteria (P < 0.0001 by the Student nonpaired two-sided t test). The average corrected counts of the probe-alone control were 4,400 cpm, and average corrected counts of the Legionella and non-Legionella bacteria were 1,800 and 40 cpm, respectively.
The majority of the non-legionellae hybridized very poorly to the probe (Table 3 ). Ten isolates had relative hybridization values of -4%. The bacterial isolate with the greatest probe hybridization was a strain of Pseudomonas maltophilia, which hybridized 11.9% of the probe relative to L. pneumophila strain F1772. Other strains with relatively high probe hybridization were an isolate of Achromobacter xylosoxidans (4.9% relative hybridization), three other strains of P. maltophilia (5.6, 4.2, and 9.1%), two strains of P. cepacia (4.5 and 9.8%), a strain of Moraxella species (6.0%), an isolate of "Bordetella bronchicanis" (6.2%), and one of Acinetobacter calcoaceticus biovar. iwoffi (4.0%). Although 4 of the 10 non-legionellae high-hybridization strains were P. The non-L. pnelimophila Legionella sp. strains had significantly lower hybridization levels than did the L. pneumophila strains (P < 0.001 by the Student nonpaired two-sided t test). However, because of overlapping ranges, it was impossible to distinguish individual members of each group. Within the non-L. pneumophila group, there was also a very broad range of hybridization values. Because of the small number of isolates in each species, significant interspecies differences in hybridization values could not be detected. L. wadsworthii (81-716) and L. oakridgensis (OR-10) both had low hybridization values, 24.1 and 25.0%, respectively. Strain SC-18-C9 of L. steigerwaltii had the highest hybridization value observed for a non-L. pneumophila Legionella species (68.4%), with a strain of L. duimoffli having the second highest value observed (66.0%).
Repeat testing of selected problem and control legionellae and non-legionellae was performed twice on separate days with the modified protocol, which used freshly prepared organism suspensions and better hydroxyapatite pellet mixing. Both experiments yielded similar results of decreased hybridization values for the non-legionellae, increased values for the non-L. pneiumophila Legionella sp. strains with the lowest hybridization values (L. oakridgensis and L. wadsworthii), and little change in L. pneumophila hybridization to the probe. The first experiment gave normalized DISCUSSION Using a hybridization value of 20%, relative to L. pneumophila strain F1772, as the cutoff point for a positive value correctly separated all legionellae from the non-legionellae tested. Ability of this probe to rapidly and specifically identify legionellae is a major advance in rapid culture confirmation to the family level (4, 10, 12) . The next best method appears to be slide agglutination testing, using multiple pooled polyclonal antisera (18) . Current problems with the serological identification of Legionella spp. include cross-reactivity with non-legionellae such as Pseudomonas spp. and the increasing complexity of legionellae antigenic types, which makes false-positive serological reactions possible (3, 5, 7, 8, 10, 11) . For this reason, results of serological testing must be confirmed by other means, such as growth tests, even at the genus level. However, the practicality of using this probe to routinely identify bacterial isolates suspected of being Legionella spp. may be questioned. Growth and simple serological tests can be performed with no more hands-on time than that required for the probe, although at the cost of longer turnaround time and the potential for false-negative and false-positive serological tests. It is likely that use of the probe for culture confirmation would be of major benefit when a strain cannot be serotyped, which is unusual.
Probe hybridization of >4% by some of the nonlegionellae was unexpected; a possible explanation is nonspecific bacterial hybridization to the probe. The very high concentrations of bacteria tested with the probe (approximately 109 cells per ml) may have increased the potential for nonspecific hybridization. Although we did not study the phenomenon in a systematic fashion, it appears that the duration of storage of the bacterial suspensions is important in this regard, for both legionellae and non-legionellae. More efficient washing of the hydroxyapatite pellet may also be an important step to reduce nonspecific hybridization. Grimont and colleagues recently described a DNA probe specific for L. pneumophila (6) . While this has potential taxonomic advantages over the genus-specific probe used in VOL. 23. 1986 on August 27, 2017 by guest http://jcm.asm.org/ Downloaded from this study, it also possesses the major disadvantage of being unable to detect other Legionella species, which can be important in human infection.
Aside from accurately discriminating between legionellae and non-legionellae, the probe may have important taxonomic capabilities in differentiating between at least some of the Legionella spp. Better understanding of the use of the probe in taxonomic studies awaits the testing of multiple members of each species with the probe, as an adequate statistical data base needs to be acquired first. ACKNOWLEDGMENTS This work was supported by the Medical and Research Services of The Veterans Administration and by The Gen-Probe Corp.
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